Abstract. To resist different kinds of attacks, Boolean functions used in the cryptosystem should have good cryptographic properties. The Plateaued functions, a large class of Boolean functions containing Bent functions and Partial-Bent functions, are good choices. Therefore, the study of construction and cryptographic properties of Plateaued functions has received wide attention. However, until now, there are few primary constructions known to us, in which one does not assume the existence of previously defined functions to define new ones. Moreover, most of them have some drawbacks. In this paper, a new primary construction of Plateaued functions is given. And we show in particular that most of the existing primary constructions of Plateaued functions can be reduced to ours.
Introduction
It is well known that nonlinear Boolean functions play a very important role in the design of cryptosystem. To resist various attacks, good characteristics, including balance, high algebraic degree, high nonlinearity, propagation characteristics, high resiliency order and so on, must be considered. The importance of each characteristic depends on the choice of the cryptosystem. High nonlinearity and resiliency order are two most important criteria in all situations.
Bent functions permit to resist linear attacks in the best possible way by achieving optimum nonlinearity. Unfortunately, they are not balanced and exist only in even dimensions, which inspired scholars to search for new classes of Boolean functions whose elements still have high nonlinearity and can be balanced for both odd and even dimensions. The class of Partially-Bent functions was put forward by Carlet in [1] , which has high nonlinearity, resiliency order and good propagation characteristics. However, when they are not Bent, Partially-Bent functions have by definition non-zero linear structures, which makes them improper for direct cryptographic use. Thanks to the class of Plateaued functions presented by Zheng and Zhang in [2] , this drawback can be covered. Plateaued functions provide some examples of good trade-off among all the properties needed in the design of cryptosystem. For example, Maitra and Sarkar in [3] have shown us that the nonlinearity and resiliency order of Boolean functions are strongly bounded. The best compromise between the two properties is achieved by Plateaued functions only. As a result, the study of Plateaued functions becomes necessary and important. As for the construction of Plateaued functions, there only exist three main classes (see [4] [5] [6] ). The class in [7] is in fact a subclass of [4] . Moreover, in the past several years, few primary constructions have been given. As for the second construction and other constructions, they are also important to obtain Boolean functions approaching or achieving the best trade-off among the cryptographic properties. And these constructions can be seen in [8] [9] [10] [11] [12] [13] [14] [15] .
We propose in this paper a new primary construction of Plateaued functions, which can contain those three main constructions as subclasses. The organization of this paper is as follows. Some basic concepts and notions are presented in Section 2. We give a list of the known constructions of Plateaued functions in Section 3, put forward our construction in Section 4 and investigate its characteristics in Section 5. In Section 6, we show that the former three main classes can be reduced to our construction. Finally, Section 7 concludes the paper. 
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It satisfies Parseval's relation:
A Boolean function n fB ∈ is said to be Plateaued if its Walsh transform only takes the three values 0 and λ ± , where λ is some positive integer and must be a power 2 r with /2 rn ≥ . We call λ the amplitude [6] of Plateaued functions. The study of the Walsh spectrum of quadratic function can be found in [16, 17] . Suppose n fB ∈ is a quadratic function. The bilinear form associated with f is defined by Many properties of Boolean function can be deduced from its Walsh spectra. For ever Boolean function n fB ∈ , the nonlinearity f N and its Walsh transform f W satisfy the relation:
Because of the relation (1) 3.2 Generalized Marorana-McFarland's Functions A construction generalizing construction MM and avoiding the drawback that these functions are the concatenations of affine functions was proposed in [5] . We denote it by GMM. The functions it produces are in fact the concatenation of quadratic functions instead of affine functions. Definition 2 [5] Let n and r be positive integers such that rn < . Denote the integer part /2 r   by t and nr − by s. Let ψ be a mapping from 
MM's functions correspond to the case where ψ is the null mapping.
Lemma 2 [5] Let ,, g f ψφ be defined as in Definition 2. Then for every EyFityayayaya ψφφφ −−−−− =∈∀≤=⇒=== . [5] Let ,, g f ψφ be defined as in Definition 2. If ψ has constant weight and if a E has size 0 or 1 for every a (resp. 0 or 2 for every a ), then ,, g f ψφ is Plateaued.
Proposition 3

Q's Functions
Functions in the class GMM are built as the concatenations of quadratic functions chosen in such a way that we can efficiently compute their Walsh spectra. Carlet and Prouff present another way of concatenating quadratic functions in [6] .We denote the class by Q. Definition 3 [6] For any positive integers r and s such that n=r+s, an Q function f is defined by
where 12 
A New Construction of Boolean Functions Leading to Plateaued Functions
Functions in class MM are built as the concatenations of affine functions, while functions in class GMM and Q are built as the concatenations of quadratic functions. The Walsh spectra of these three classes of functions can be efficiently computed. The aim of this section is to present another way of concatenating quadratic functions, whose Walsh spectra can also be efficiently computed. Firstly, let (),(), ijnnijnn ab L stand for a matrix of order n . We concatenate now the functions in this Note: Definition 4 For any positive integers r and s such that nrs =+, we call TF the class of all Boolean functions f in the form:
where ζ is a mapping from 2 s F to r U and g is any Boolean function on 2 s F . In order to compute the Walsh spectra of the TF functions, we investigate the dimension of the kernel of binary form associate with the functions in (6) 
The proof of the k's bound is the same as Proposition 11. ■
Relation among these four Constructions
In this section, we shall deduce that those three classes of functions, namely MM, GMM and Q, can be reduced to TF functions. Hence, the MM functions can be reduced to TF functions. In a similar way, we can proof this theorem is still hold in the case that r is an odd integer. Therefore, we conclude that if (1) i ∈ \() RIJ ∪ , (1) i th row of the matrix (()) ijrr b δ will be all 0. For every (2) \() iIIJ ∈∩ , (2) i th row of the matrix (()) ijrr b δ will be 12 (,,,) r vvv L . For every (3) \() iJIJ ∈∩ , (3) i th row of the matrix (()) ijrr b δ will be 12 (,,,) r uuu L . For every (4) iIJ ∈∩ , (4) i th row of the matrix (()) ijrr b δ will be 1122 (,,,) rr uvuvuv +++ L.
GMM's reduction Let
In summary, we conclude that for every So much for that, we complete the reduction of these three constructions. Remark:(1) Class TF has a simpler definition than these three classes recalled at subsection 3.1, 3.2 and 3.3. And the Walsh spectrum of TF functions is also simpler to compute. Notice that its or an even integer. However, the class TF's can be any integer smaller than or equal to r , therefore, our construction can generate different functions that these three constructions can't.
Conclusions
In this paper, we propose a new primary construction namely TF, which has been proved that it is a large class containing the class MM, GMM and Q. However, how to construct Plateaued functions with good properties more efficiently will be still an open problem, and we will concentrate our effort on this problem unceasingly.
